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CHAPTER I 
IlJTRODUCT ION 
Statement of the Problem 
The purpose of this research problem was to determine 
how the contributing factors can be altered or varied to 
limit or eliminate the formation of condensation on win-
dows, both glass and frame, and to obtain information from 
industry and available literature on the factors of window 
condensation. 1.11rore specifically, the study attempted to 
answer the following questions: 
1. What new innovations have come about in window 
construct ion to prevent or limit the fo nna t ion 
of condensation? 
2. /fhat are the factors which are direct con-
tributors to the fonnation of window conden-
sation? 
3. How are the exterior and interior factors 
varied or manipulated for the prevention or 
reduction of the formation of window conden-
sation? 
Definition of Tenns 
Condensation is the accumulation or deposition of 
moisture on a surface. 
Dew-Po int Temperature is the temperature which the 
relative humidity is increased to 100 percent until the 
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air will be saturated. If the temperature is reduced below 
the dew-point, some of the water vapor will be condensed to 
the 1 iquid form. 
Fenestration is the best arrangement of windows for 
illumination and ventilation purposes. 
Humidity is the amount or degree of moisture 1.n the 
air. 
Insulation is the material placed in a given position 
in a building to isolate heat. 
Moisture Content is the amount of water vapor within 
any given area. 
Relative Humidity is the amount of moisture in the 
air as compared with the amount that the air could contain 
at the same temperature, expressed as a percentage. 
Sheathing is the material applied directly to the 
framing rrerr;bers on a wall or roof mainly for rigidity. 
Temperature is the degree of heat of anything, and 
measured on a themometer. 
Thermal Barrier is the rraterial havin,?; a high in-
sulating value or resistance to heat flow, structural 
integrity, and compatibility with the sash material. 
Therrr:al Conductivity is the inverse measure of the 
insulating value of a :material. The customary rr:easure of 
heat conductivity is the amount of heat in British themal 
units that will flow in one hour through one square foot of 
a layer one inch thick of a homogeneous material, per one 
degree Fahrenheit temperature difference between surfaces 
of the layer. 
Vapor is the gaseous form of water. 
Vapor Barrier is a building material which restricts 
the flow of water vapor. 
Vapor Pressure is a measure of the amount of water 
vapor in a given atmosphere, and is dependent upon the 
temperature and the degree of saturation or relative 
humidity of the vapor. 
Ventilation is the circulating of fresh air and 
saturated air through provided openings. 
Vocational Education is the area in Industrial 
Education which specializes in training for useful and 
gainful employment, involving job skills and procedures. 
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Wood .E:xtractives is that property of wood which con-
tributes to color and resistance to decay. 
Limitations of the Study 
This study was limited to the available literature 
of bound volumes and periodicals for the literature portion. 
Also it was limited to the window companies in the United 
States, with annual assets of ~300,000.00 and more for the 
survey portion. The reasons for these l imitations were 
first, available literature was limited to libraries at my 
disposal and second, window companies with $300,000.00 and 
more in annual assets were more likely to put larger sums 
of money into research, hence improving their product. It 
is this research upon which the survey was primarily con-
cerned, and relying upon. It was decided that window 
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companies were the most valuable source in industry because 
it is upon their product that the formation of condensation 
takes place. As it has been implied by several window com-
panies, if they are to stay in business they must improve 
their product or it will fail to sell, There was no in-
tention to limit the content quality of the subject in any 
fashion. 
Source of Data 
The data used in the study was obtained both from the 
literature and industry. The available literature came 
from the bound volumes from the 1 ibraries of Central 1rlash-
inston State College, the University of 'tfashington and the 
writer's personal library. Since no entire book has been 
written on the subject of window condensation, data were 
taken from other subject areas such as insulation and 
building construction. The data obtained from industry 
came from seventy-six firms located in the United States, 
that have first hand knowledge of window condensation. 
:Met hoa of Stu a y 
Researching the literature was done according to the 
various factors involved in the formation and prevention 
of window condensation. First, the decision to include 
only firms who dealt with windows was made. These firms, 
seventy-six in number, were chosen from the list of window 
companies from the Thomas Register. 1 Addresses were also 
taken from the Thomas Register. These were all of the 
winaow manufacturing companies listea with $300,000.00 
ana more in annual assets. 
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The secona step was to make up an information form 
which was submitted to several faculty members of Central 
Washington State College for comment ana criticism. 
Corrections were noted and the information form was revised 
and printed. The infonnation form which haa the format 
of a letter was then mailed to each of the firms dealing 
with windows. (see Appendix A) Cf the letter fonns mailed 
to the seventy-six firms, a response was returned from 
thirty-one, or forty percent of the seventy-six. (see 
Appendix E) 
Thirdly, was to record the data received fro!T' the 
window manufacturers. For presentation of the data, each 
contribution was weighed and separated according to the 
factors involved in the fonnation of condensation. The 
magnitude of irrportance of each factor was determined by 
the repetition of the factor from each contribution. 
Finally, consideration was given to the analysis using 
the nominal level of data. The method of approach was that 
of research survey. 
Importance of the Study 
The value of this study is manyfold. First, it was 
felt that the information presented in this study will be 
useful to the instructors in the building trades of 
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vocational education. Instructors as well as students in 
formal vocational education will better understand the 
problems involved in the causation and prevention of window 
condensation. Instructors will transmit this knowledge to 
students, who will in turn be in a position to recommend 
a better formula for the prevention or limitation of window 
condensation to owners of a dwelling. As a result of this 
transmission, the homeowner's headaches and the cost of 
damage will be considerably reduced. 
In the S8me light the contractor or builder who 
understands more about the causes and prevention certainly 
makes provisions, in every building, for least possible 
amount of window condensation. It is inevitable that the 
builder will do this or his reputation will suffer. It 
is well and fine to know and understand the causes and 
preventive measures of any undesirable phenomina, but if 
there are no provisions made in the construction, the re-
sulting benefits would be nil. 
To an equal degree of importance the study will pro-
vide information to the architect and draftsman. In de-
signing a building the architect must keep in mind, for 
example, fenestration and the placement of vapor barriers, 
etc., in relationship to the window. 
This study is written for the research person as well 
as the lay person. There is also a great deal of value for 
the administrator in a school district, or for that matter 
any administrator who has anything to do in planning future 
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buildings. The administrator who understands what the 
architect is saying, will communicate much more effectively, 
and perhaps in some cases demand the type of structure which 
will cost less to maintain, because of the damage caused by 
window condensation. 
Perhaps the greatest importance might be to assist the 
homeowner in realizing there are other reasons, beside the 
window itself, for condensation. It is an age old gross 
error to think that windows cause condensation. Generally, 
it is the home owner who has had to, grudgingly, -pay for 
the repairs due to the damaging effects of window conden-
sation, and it would be well for him to be aware of the real 
causes involved. For the home owner who wants to tackle 
the condensation problem himself, there is a section in 
chapter four. Also, the prospective home owner who has a 
better ¥..nowledge of the factors involved will know what to 
look for in a new home. 
This study will present some new innovations in windows 
having to do with thermoconductivity which would be of ut-
most value to some window manufacture rs and companies. In 
some cases information in this study would be valuable in 
preliminary research in setting up the conditions for per-
fonning further experiments. 
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FOOTNOTES 
1. Thomas Reg1ster of American Manufacturers, Thomas Pub-
1 ishing Company, Vol. V, New York, 1967, pages 9130-9134. 
CHAPTER II 
REVIEW' OF THE LITERATURE 
As far as could be ascertained, there was no other 
complete study which deals with all of the apparent causes 
and remedies of interior window condensation. A thorough 
review of books, bulletins, and periodicals indicated that 
very little has been written on the subject of window con-
densation. Most often when infonnation was found, it was 
in connection with condensation in dwellings and not 
specifically applied to windows. The very fact that little 
has been written about window condensation is indicitive 
of a need for more research. 
Kost of the literature deals with condensation on the 
interior surfaces of buildings, and certainly windows would 
be found within the interior surfaces. 
Interior Humidity. '!'later exists in three states 
namely gaseous, liquid, and solid. In the gaseous state, 
it is known as water vapor or hum1dity. 1 Air is a mixture 
of water vapor and a number of other gases. The amount of 
water vapor the air can hold depends solely on the temp-
erature; the higher the temperature the more water vapor 
the air can hold. The presence of the water vapor mixed 
with the air has no relationship to the amount of water 
vapor or humidity any given space can hold, at the same 
time it is common practice to speak of the humidity of the 
air. 
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The ability of a space to hold water vapor depends 
upon ana increases with the temperature. When a given space 
holds the maximum amount of water vapor at any temperature 
without being over saturated, it is said to be saturated or 
to have a relative humidity of 100 percent. As a rule, 
however, the air is not saturated with water vapor and 
therefore the relative humidity is the ratio of the actual 
partial pressure of the water vapor to the saturation 
pressure at the dry bulb temperature. In other words, this 
is the ratio of the amount of water vapor present at any 
given temperature to the amount the space could hold at 
that temperature if saturated .. 
The ability and capacity of a given space to hold 
water vapor decreases as the temperature drops. Therefore, 
if the air at any given temperature is not saturated and 
the temperature is reduced, the capacity to hold water 
vapor will likewise be reduced and the relative humidity 
will be increased until at last the air will have a re-
lative humidity of 100 percent. The temperature at which 
this takes place is called the dew-point temperature, 
"N'hen the temperature is reduced below this dew-point, some 
of the water vapor will be condensed to a liquid. 
The relative humidity in any given space may be 
measured by using two regular thermometers, fixed to a 
common base. The bulb of one is exposed and the temperature 
reading taken from this one is no different than that taken 
with an ordinary mercury thermometer, and the resultant 
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temperature is known as the dry bulb temperature. The bulb 
of the other thennometer is enclosed in a small cloth bag 
which is saturated with water and which, due to the 
evaporation, will give a lower temperature, and the re-
sultant temperature is known as the wet bulb temperature.2 
The combination of this wet and dry bulb thermometer is 
known as a psychrometer. The true wet bulb temperature 
will be more accurate when time is allowed for evaporation 
of the water to take place. In order to speed up this 
evaporation, the psychrometer is attached to a string or 
chain and swung through the air until the readings are 
stationary. With the wet and dry bulb temperature known, 
one need only refer to a table such as Table 1 to determine 
the relative humidity and the dew-point temperature. When 
the wet and dry bulb temperatures are widely separated, 
the relative humidity will be low and as the wet bulb 
temperature approaches the dry bulb temperature, the re-
lative humidity will approach 100 percent. 
Whenever warm humid air comes in contact with surfaces 
which are below the dew-point temperature, condensation of 
water vapor takes place. Hence, in order to prevent con-
densation on any inside wall or window, it is necessary to 
maintain the surface involved above the dew-point temp-
erature. This dew-point temperature may be detennined in 
the case of existing buildings from the wet and dry bulb 
readings taken from a sling psychrometer and then referred 
to a psychrometric table or chart. In the case of buildings 
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Technical 
not yet constructed, the probable dew-point temperature 
can be estimated by comparing the relative humidity and 
temperature conditions in existing buildings of similar 
types. 
Condensation is not likely to form on the walls of 
the average home since the relative humidity seldom is as 
high as 65 percent and the wall coefficient frequently is 
lower than .25, especially if any insulation is used. It 
is quite well known, however, that window condensation is 
very common. This, of course, is due to the high con-
ductance of the window. This, then, limits the relative 
humidity that can be maintained in humidified buildings 
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in cold weather. The intersection of the vertical "single 
glass" line in Table 2 with the various temperature differ-
ence curves defines the limits of single glass so far as 
condensation is concemed. For example, condensation would 
form when the temperature difference is 70 degrees Fahren-
heit and the relative humidity is 15 percent. Further, if 
double glazing is used, there would be no condensation on 
the window at this humidity. In fact, the relative humidity 
could be in excess of 50 percent when the temperature 
difference is 70 degrees, or approximately 38 percent when 
the temperature difference is 100 degrees. This is in-
dicated by the intersection of the "double glass" line with 
the temperature difference curves in Table 2.3 
Condensation is the process by which water vapor changes 
into a liquid. M::>st condensation troubles occur within 
TABLE III 
~~ISTURE PRODUCTION BY VARIOUS DOMESTIC OPERATIONS 
Operation Pounds of V~isture 
Floor mopping (per square foot) 
Clothes drying (per week when dried inside) 
Clothes washing (per week) 
Cooking per meal 
Breakfast 
Lunch 
Dinner 
From food 
0.34 
0.51 
1.17 
Dishwashing (per weak) 
Breakfast 
Lunch 
Dinner 
Bathing (per shower) 
(per tub) 
From gas 
o.56 
o.66 
1.52 
Human contribution (family of 4 per hour) 
Gas refrigeration (per hour) 
House plants (each, per hour) 
Humidifier (per hour) 
0.03 
26.40 
4.33 
o. 90 
1.17 
2.69 
0.20 
0.15 
o.65 
o.5o 
0.12 
o.46 
0.12 
o.o4 
2.00 
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S. c. Hite and J. L. Bray, Research in Home Humidity Control, 
Purdue University Engineering Ex:periment Station Bulletin, 
Research Series No. 106, 1948, page 24. 
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buildings where the relative humidity during cola weather 
is 35 percent or higher. 'N'hen outside temperatures are 
low, the exterior air will hold very little water vapor 
ana the vapor pressure is low. Simultaneously, the water 
vapor is being added to the building by migrating pressure 
from the ground under the living areas, and other sources 
within the building such as cooking, laundry work, bathing, 
respiration, and evaporating water in a furnace pan. 
Principle sources of the moisture created within an average 
house of four occupants are shown in Table 3. 
Considerably more water vapor than shown in Table 3 
comes into a building through migration when a proper 
barrier is not used under a concrete slab or in the crawl 
space of a basementless structure, and when the exterior 
surface of a foundation has not been properly sealed. It 
has been shown that an improperly protected crawl space 
can contribute as much as 100 pounds of water per 24 hours 
per 1000 square feet of enclosed crawl space. Then to 
accelerate the problem, heated crawl spaces ana heat ducts 
in slabs greatly increase the movement of vapor.4 It is 
obvious that this source producing about 80 percent of the 
vapor which enters a structure is worthy of much con-
sideration. 
This condensation is capable of buckling floors layed 
on concrete, blistering exterior paint, cracking plaster, 
and decaying wood members. ~oat building materials, in-
cluding plaster, wood, concrete, brick and some kinds of 
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building papers are highly permeable to vapor. The rate of 
vapor movement from one point to another is proportional to 
the difference in vapor pressure between the points and 
inversely proportional to the resistance of the material 
involved. The temperature gradients through a wall drop 
step by step according to the thermal properties of the 
material and the difference in temperature between the warm 
interior ana the cold exterior. If the temperature at any 
point within the wall, such as the glass or frame of a 
window, falls below the dew-point temperature of the inside 
of the wall, condensation will take place at that point. 
~hen moisture is added to the air in a heated home, 
the vapor pressure is higher inside the house than outside. 
The water vapor penetrates the wall ana may or may not pass 
through depending on the material in the wal1. The differ-
ence in vapor pressure through different parts of the wall 
from inside to outside distribute themselves in proportion 
to the vapor resistance of the respective parts. 5 
Insulation. Kany erroneous statements have been made 
that insulation is one of the primary causes of conden-
sation. At this point some economic aspects versus faulty 
design must be considered. 'f/'ith automatic heating equipment 
and the increase in cost of fuel, the value of insulation 
as an economic necessity has been accepted. Insulation also 
provides additional comfort through higher inside wall sur-
face temperatures with a reduction of inside air movement. 
If insulation is a contributing cause to condensation, then 
likewise weatherstripping basement walls, floors, and the 
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necessary operations within the home are also to blame. It 
cannot be conceived that one would recommend the elimination 
of all these causes due to the fact that we fail to recog-
nize the principle reason as being faulty design or con-
struction. 6 Some infonnation has been available for many 
years which can be applied to overcome the majority of 
difficulties that are occurring today due to condensation • 
.Many insulated buildings which were constructed in the late 
thirties and early forties according to good design on con-
struct ion have shown no signs of condensation problems. On 
the other hand, there are many which have had moisture 
difficulties which upon inspection, have shown either faulty 
design or construction. 7 
Several years ago little or no attention was given to 
condensation in buildings. Either it did not occur or was 
so little that it was not a serious problem. Difficulties 
resulting fron~ lack of condensation control such as paint 
peeling, wood decay, and fogged windows have increased re-
cently, and many troubles little understood are now attri-
buted to the lack of sound condensation control practices. 
The following were recommended methods of controlling con-
densation by the use of vapor barriers and ventilation based 
on engineering tests and practical experience applying 
mainly to home construct ion. 
The question comes up many times. "Why condensation 
troubles today?" Condensation troubles are more abundant 
today because the air within the buildings has higher 
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relative humidities than before. Economic conditions such 
as higher prices and the scarcity of building materials 
favor the buildings of smaller, more compact houses and a·s 
a result higher humidities. Improvements in the milling 
of wood parts, new materials, the use of weather strips and 
storm windows now make both old and new houses tighter than 
before by reducing air leakage or infiltration. Humidifiers 
sometimes add greatly to the condensation problem, when used 
indiscriminately, especially during extremely cold weather. 
At the present, people make more extensive use of 
appliances which discharge water vapor into the living space 
than in years past, thus making condensation control more 
essential. Today basements are often omitted in modern con-
struction. Instead there is substituted an enclosed crawl 
space under the building. This crawl space is frequently 
damp and contributes large quantities of water vapor which 
may find its way up into walls, attics, and living spaces. 8 
One of the most common and widespread types of damage 
for which condensation is often responsible is the deterior-
ation of the wall application under and adjacent to the win-
dow and also decaying of the sill material. The window 
glass and or the frame are laden with condensed water vapor, 
which runs down and saturates the material at the bottom. 
This excess moisture may absorb extractives from the wood 
and result in stains; also in extreme conditions the excess 
moisture may run down on and into the floor causing dis-
coloration, buckling and decay. 
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Vapor Barrier. Condensation control in buildings is 
possible by use and placement of the proper vapor barriers 
and the proper use of ventilation or a combination of both. 
Vapor barriers are membranes, aluminum or oil paint films, 
rubber base paints, metallic sheets, or other preventive 
coatings. Vapor barriers are no better than their quality 
or thorou3hness of their installation. They should be 
selected for their quality and should be carefully and pro-
perly placed. Ve .tilation is desirable for reducing water 
vapor concentration in attics and in unheated crawl spaces 
below living areas. In some dwellings, it is advantageous 
to provide ventilation for the living area in order to 
lower the relative humidity and thus reduce condensation 
hazards. By extending the eave of the roof the added pro-
tection will prevent backing up of melted snow and ice. 
Difficulties from this source is often erroneously blamed 
on condensatioD.9 
The water vapor originatin. within a building is first 
diffused through the space inside the building, increasing 
the relative humidity. Some of it is absorbed by rugs, 
fabrics, and other household furniture, and some is con-
densed on windows. This water vapor can be removed slowly 
from the living areas by opening outside doors, by diffusion 
through walls and ceilings into cavities or attic spaces, 
by leakage around windows and doors, by way of air supplied 
to burning fuel in heating equipment vented into chimneys 
and by air taken out by ventilating fans. 
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An adequately installed vapor barrier is an effective 
means of preventing deposits of frost or water in walls and 
attics of homes subjected to low temperatures. It is ex-
tremely important to install the vapor barriers near the 
warm side of the wall between the insulation and the interior 
wall appl ication •. 10 
Sheathing, in contrast to the vapor tight properties of 
the warn:: interior side of a wall, should be just the opposite; 
a structure capable of losing water vapor that may enter into 
the wall is highly desirable. On the other hand, the ex-
terior wall surface must have rain and wind repellent quali-
ties. Sheathing paper sometimes called breathing paper be-
tween the sheathing and the finish siding has been used to 
reduce the incoming cold air and to prevent the penetration 
of wind driven rain. So that there be as little restriction 
as possible to the leakage of outgoing water vapor, it is 
recommended that the sheathing paper and the sheathing be of 
types that will easily transmit moisture. 
Ventilation. Ventilation is recogni~ed as an effective 
means of controlling condensation in buildings when applied 
correctly and in proper amounts. W'hen fresh air is intro-
cfuced into living areas during the winter, some water vapor 
is forced out of the building. This replacement air is of 
low vapor content. Therefore high vapor pressures which 
are a factor in causing condensation are reduced consider-
able. The burning of fuels for heating tends to increase 
the amount of fresh air entering a building and consequently 
provides ventilation in the 1 iving areas. No special pro-
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visions are ordinarily made for outside air to enter be-
cause it usually gets around doors and windows. Where con-
struction has tightly weather stripped openings and tight 
exteriors, additional venting may be necessary. 
If there is no other effective means of condensation 
control and the soil is a large supplier of moisture to the 
crawl space, the total net amount of ventilation should be 
two square feet per 100 lineal feet of building perimeter 
plus one-third of one percent of the crawl space ground 
area. In situations where it is not practical to al1ow a 
free circulation of cold air under a living area floor, 
condensation can be controlled by covering the ground with 
a durable material which is vapor resistant. A slab of 
water-proof concrete or heavy rolled roofing has been found 
effective. A rolled roofing with a mineral face or plain, 
weighing at least 55 pounds per 100 aqua.re foot, laid with 
a two inch lapped joint over a relatively level surface will 
last for many years. .r.:roat often the lap joints need not be 
cemented.11 Very little ventilation is needed where a good 
cover is a.ppl ied over the entire surface of the ground in 
the crawl space. To be on the safe side it is recommended 
that not lass than 10 percent of the ventilation indicated 
by the two plus one-third formula be proviaea.1 2 
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CHAPTER III 
PRESE.;ETATION AND ANALYSIS CF THE INFCR~'ATICN FR0~1 INDUSTRY 
The information from industry in a few cases was 
similar to some of the previous literature, but in nearly 
all instances it was specifically about window condensation 
and also, it was more recent. W'hen referring to the causes 
of window condensation, window manufacturers said the win-
dow itself had little to do with the causes. According to 
nearly all of the responding window wanufacturers, the 
source for the window condensation was primarily the humidity 
within the home. Then as far as the remedies are concerned, 
they are two-fo1d; one to reduce the humidity causing con-
densation and alter its supporting factors, or two, redesign 
the window to compensate for this high humidity. 
Causes and Humidity Controlling Remedies of Conden-
sation. First, a presentation of the causes and the humidity 
controlling reiredies was essential. Nearly all of the win-
dow manufacturers, including the Architectural Aluminum 
I-"anufacturers Association indicated that all windows ex-
perienced condensation when subjected to low temperature and 
high hurr:idity. Vith most windows the relative humidity at 
which condensation occurs is related to whether the window 
has single or rnul tiple glass, the condensation occurs first 
on the single glass which occupies 8o to 90 percent of the 
window surface, rather than on the frame. Once this happens, 
the amount of condensation is not particu 1 arly related to 
whether the frame is made of wood, aluminum, steel or 
plastic. 
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'tlhen trouble arose with condensation, it probably was 
because of the tightness of the modern home that can be 
heated for a fraction of the money it took to heat a house 
a number of years ago, and the home is cleaner and more 
comfortable. Condensation problems also result from wide-
spread use of labor-saving appliances that make life easier 
than it was in the past. ~ore t h1ngs could be done to pre-
vent excessive moisture when installing than can be done 
in a home where the problem already existed. 
A little fog on the lower corners of the windows now 
and then ·probably did not bother the home owner. It should 
not have, because by the time it was thought about a second 
time, it usually disappeared. But the more important thing 
to consider was the excessive, troublesome condensation. 
This was condensation that blocked whole windows with fog 
or frost, water that ran off windows to stain woodwork, or 
in serious cases may even have damaged the wallpaper or 
plaster. '.'Hth this amount of condensation on windows there 
was good reason to worry and good reason to take action. 
In one sense the window with condensation should not 
have been of great concern, but what should have been con-
sidered was what damage excess moisture may be doing else-
where in the home. The condensation may have frozen in the 
insulation in the ceiling where it may have melted and 
dripped on the plaster, causing numerous concerns and 
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unneeaea expenses. It was only natural, but entirely wrong, 
in such cases to blame the windows or the insulation. 
In practice, condensation occurred first over the lower 
part of the window, because the glass surface temperatures 
were not uniform, being lower at the bottom than at the top. 
Condensation at the base of the window and also at the sides 
tendea to be more severe with metal sash and with some 
special units such as facto·ry sealed double glazing where 
the method of assembly resulted in increasea heat transfer 
at the edges. Drapes or other window coverings contributea 
to the problem of conaensation by restricting the flow of 
warm room air over the glass surface and thus prevented a 
higher surface temperature on the glass. 
The real cause of the problem was invisible. It was 
everyaay water vapor, in large quantities. To prevent this 
problem, ria the building of excess water vapor. Humidity, 
water vapor, moisture, and steam are the same; they are all 
one fonn of water. Humidity is an invisible gas which is 
present in varying quantities in nearly all air. This mois-
ture in wet air tries to flow toward drier air and mix with 
it. Scientists describe this force as vapor pressure. It 
was often a very powerf'ul force acting independently of the 
flow of air which holds the moisture. Vapor pressure can 
force moisture easily through wood, plaster, brick, cement, 
and most of the materials used in builaing homes. This very 
thing happens when moisture seeks to escape frorr. the humid 
air usual1 y found inside the home to the drier winter air 
outside. 
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According to the Srr:a11 Homes Council of the University 
of Illinois, the amount of vapor pressure depends upon the 
an:ount of vapor present in the air. This pressure forces 
moisture to areas which were drier, for instance lower 
pressure areas. .lln over abundance of moisture within a warm 
home was thus forced to the outside in cold weather and con-
densation on the inside surfaces would occur. Condensation 
is prevented by controlling the amount of water vapor in the 
home and its passage to the outdoors. Since the water vapor 
is invisible and is not easily detected until it condenses, 
the homeowner is usually unaware that water vapor is being 
supplied to the air. As a result, little thought is given 
to its control until condensation problems arise. 1 
A certain few building materials stop water vapor. 
Glass was one of these materials. Also included were some 
varnishes, paints, tile, and plastic wall applications. 
Vapor-seal insulation was designed specifically to stop the 
escape of water vapor and protect the insulation and walls 
from the ravages of water. Increased use of these moisture 
trapping materials in the last few years has created the 
modern tight dwelling • .r..'oisture created by bathrooms, kit-
chens, laundries, and occupants no longer flowed easily to 
the outside. The modern insulation and construction that 
kept cold air outside also kept moisture inside. So it was 
very easy to bu11d up excessive, harmful moisture levels in 
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such homes. I\'ore washing, more bathing, more showers, more 
appliances and rrore gas furnaces all. pour more water vapor 
into homes than in the past. Cooking for a family of four 
adda four to five pounds of moisture a day to a home. Ea.ch 
shower contributes half a pound; a weekly laundry, thirty 
pounds; human occupancy, six to eight pounds per day; and 
dishwashing 1.2 pounds. All of this moisture must eventually 
escape from the home. The modern living of a family of four 
easily released 150 pounds, or more than eighteen gallons of 
water per week, into the air of any home. And, homes with-
out a basement have further moisture problems. 
Three ways to eliminate excess humidity were: one, con-
trolling sources of humidity. As examples, venting all gas 
burners and clothes dryers to the outside, and using kitchen 
and bathroom fans. Two, winter ventilation. Because outside 
air usually contains less water vapor, it diluted the humidity 
of inside air. This took place automatically in older houses 
through constant infiltration of outside air. Three, the 
process of heating the home. This would reduce the re1 ative 
humidity providing it was dry heat. It would counterbalance 
most or all of the moisture produced by modern living. 
Table 4 was the result of long and careful experiments 
at the University of Minnesota Engineering Laboratories. 2 
It shows the maximum safe humidities for any home, not just 
for the windows. In most cases, reducing moisture to these 
humidities cured troublesome condensation on windows. If 
this did not work, humidities could be reduced further with-
out discomfort to the occupants. These humidities were 
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TABLE IV 
Recommended humidity for given outside temperature 
Outside temperature Inside relative humidity for 700F. 
-20 degrees F. or below - - - - not over 15 per cent 
-20 degrees F. to -10 - - - - - not over 20 per cent 
-10 degrees F. to 0 - - - - - - - - not over 25 per cent 
0 degrees F. to 10 - - - - - not over 30 per cent 
10 degrees F. to 20 - - - - - - not over 35 per cent 
20 degrees F. to 40 - - - - not over 40 per cent 
40 degrees F. to 60 - - - - not over 45 per cent 
"Publicity for A.A.:v.A. Aluminum Windows and Sliding Glass 
Doors", 4.rchitectural Aluminum ~'anufacturers Ass., Chicago, 
Illinois, page 4. 
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comfortable and healthy. 
Severe cases of condensation h~ve occurred in buildings 
constructed over an improperly drained and unprotected crawl 
space. As much as ten gallons o.f water p·.::;r day may be eva-
porated from exposed soil beneath a building if the ground 
is wet ~nd the surface is not covered with a vapor resistant 
membrane. 
The Architectual Aluminum Manufacturers Association 
suggested several things to reduce condensation in any 
dwelling: One, be sure that louvers in attics or basement 
craHl spaces are open, that they ~1re of an adequate size. 
Two, run kitchen or other ventilating fans longer and more 
often than normal. Three, open fire~lace damp8rs to allow 
easier escape for moisture. Four, air out your house a few 
minutes each day, air out kitchen, laundry, and bathroom 
during or following use. Five, install outside air intake 
for the furnace, provide ventilation to gas burning heaters 
and appliances.3 
The basic principle of reducing window condensation was 
extremely simple. If there was too much condensation on the 
window, it meant that the humidity was too high in the home. 
In practice v~indow condensation and reducing humidl r,y oece.me 
very co~plicated, because a score or more of entirely differ-
ent conditions affected the way the condensation problem 
worked in differant dwellings. These coPditions were: the 
number of windows in the home; the heating . .:ystem, hot air 
or water, perimeter or interior wall heating; thcl type of 
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insulation and vapor barrier; the type of soil and quality 
of drainage. Because of so many variables, a condensation 
problem was often difficult to solve. 
There were two causes of condensation which were temp-
orary. They disappeared after a few weeks or at most a season 
of heating. First, there was the moisture that came from new 
construction or remodeling. There was an over abundance of 
moisture in the wood, the plaster, or other building materials 
of a new home. In new homes, a considerable quantity of 
moisture was released from the various material used. Ac-
cording to the lfational Research Council of Canada an estimated 
700 gallons of water were used in plastering alone in a six 
4 
room house. This added considerable to the total moisture 
load during the initial period of occupancy. When the heating 
season started this moisture gradually flowed out into the 
air in the home. Then it disappeared and caused no rnore 
trouble. 1::uch of this sarrie sort of thing happened in milder 
form at the beginning of each heating season. And second, 
during the summer a house had absorbed some moisture. After 
the first few weeks of heating the house was dried out, and 
consequently had less trouble with condensation. 
-N'indow Controlling Remedies of Condensation. Under such 
conditions where the humidity and its supporting factors could 
or would not change to eliminate excessive inside humidity, 
the other alternative was to do sorr~ething with the window it-
self. The most important single factor, according to nearly 
all of the respondents, concerning the window itself was its 
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thermal performance. The total thermal performa~ce of 
windows was complex. To properly evaluate any window it 
must be considered as a whole. For example, the desirable 
thermal characteristics for the opaque portion of a window 
were far different when single glass was installed than 
they were for insulating glass. 
In cold weather where insulating glass or stonn sash 
was used with uninsulated aluminum frames, the glass will 
usually be warmer than the frame. Condensation fomed 
first on the colder aluminum frame; and unless the con-
ditions were severe, the glass remained dry. W'hen conden-
sation had occurred, not only was there danger of moisture 
damage, but the relative humidity could not have been in-
creased in the room because any additional water vapor 
would have condensed on the frame. In effect, the inside 
surface temperature of the frame limited the relative 
humidity which could be maintained in the room. The solution 
to this problem was to use a thennal barrier material in 
the frame to "break" the through conductivity of the 
aluminum. This caused the inside surface terr:peratures of 
the frame to be higher. The practical limit was to have 
the aluminum temperatures as high as the glass temperatures. 
For sumrrer conditions, a thermal barrier in the window frame 
had little value, and would not be justified in terms of 
comfort or economics. 
There were various methods by which the interior 
frame temperatures were kept above the dew-point. The most 
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desirable method was to maintain the inside sur:race of the 
sash at temperatures at least as high as those for the glass. 
This was done by heating the sash with resistance heaters 
or by blowing wann air across the surface of the sash. Both 
of these solutions were impractical and costly, since they 
increased the amount of heating required and its subseouent 
costs. It was a better method to provide a thermal barrier 
within the sash construction. Another way to prevent conden-
sation was to maintain a lower relative humidity. While 
nothing suggested that this would be harmful to the health 
and comfort of the occupants, it might have led to shrinkage 
of furniture or cracked plaster. So, this also was not a 
recommended solution. 
The therrnal conductivity, the k-value, of n'etals was 
very high compared with other building materials. The k-value 
for aluminum, for example, was approximately 1415 Btu per 
hour per square foot per degree Fahrenheit difference per inch 
thickness compared with seven for glass, nine to twelve for 
many types of concrete and eight tenths for soft woods.5 
In practical terms of heat-loss through windows the main 
resistance to heat-flow was not necessarily the material it-
self but rather the air-films produced by the material. As 
an example of the thermal importance of air-films, according 
to the Architectural Aluminum .fctanufacturers Association, a 
single light of glass had .04 thermal resistance units while 
the inside air-film was .68 and the outside air-film .17 for 
a 15 m.p. h. wind. When the glass was replaced with a sheet 
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of painted aluminurr having negligible them.al resistance, 
the total resistance decreased from .89 to .85, an unimportant 
reduction in terms of practical heat transfer detenninations. 
Also when this aluminum was replaced with a material of equal 
thickness having a k-value of one/one-hundredth or less of 
that for aluminum the total resistance to heat-flow was not 
materially reduced. 6 
Double glazings have overall coefficients of heat trans-
mission, the U-value, ranging from .54 to .69 STU per hour 
per square foot per degree Fahrenheit temperature difference 
between outside and inside air temperature for winter con-
ditions. In resistance units, the reciprocal of the U-values, 
this was 1.85 to 1.45. To maintain inside surface temper-
atures which approached those of the glass, aluminum sash 
required thermal resistances somewhat higher than the glass. 
'!fhen the frame of the window had a high inside to out-
side area exposed to the air, the inside aluminum surfaces 
were warmer. \'1hen this ratio was reversed, the inside 
surfaces were colder. The basic problem was to incorporate 
an adequate thermal resistance into the sash without de-
stroying its structural integrity. This could ha.ve been 
accomplished with many materials such as maple, oak, or 
similar hardwoods, corkboard, rigid sponge rubber, poly-
vinyl chlorides, polyurethene and acrylics. The required 
thicknesses of these materials depended upon such factors 
as the ratio of inside to outside exposed aluminum surfaces 
and winter temperatures. Actual performance of thermally 
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improved windows was determined by appropriate laboratory 
tests. The choice of the thermal barrier material should 
be one that is compatible with aluminum. The location of 
the thermal barrier was important. A barrier which was 
located entirely to the inside or outside of the glass was 
not necessarily effective. Though not essential, the center-
1 ine of the barrier should be 1.n the same plane as the 
centerline of the glazing. ''1hen the barrier was improperly 
located a thermal short-circuit, existed around the glass 
negating the function of the barrier. 
«rfith a good thermal barrier in the frame, and with the 
addition of insulating sash, it was possible to eliminate 
condensation on the inner aluminum surfaces by raising the 
thermal resistance, the R-value, to at least as high as that 
of the glass area. 'tli th a thermal barrier in the sash mem-
ber al so, the R-value was raised even higher. 'i'hen insulating 
glass was used it was essential to consider a thermal barrier 
in the sash member. The materials for thermal barriers in 
aluminum windows had a high insulating value, and were com-
patible with the sash and frame material. All other character-
istics were subject to design and application. It was most 
common to use material with some rigidity and structural 
strength so as to act as pa.rt of the frame or sash members 
when assembled. It was also possible to have a design 
utilizing a thennal barrier depending upon it for strength. 
An example was a fold-0ver joint with a thermal break sheet 
in the middle. (see Table V) 
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The extent of thermal barri~r needed depended on the 
cliffi8te. Another factor was the ratios of exposed inside 
surface area to the exposed outside surface area. Generally, 
the greater the surface area exposed to the i:11side as corn-
pared to that e:z.:posed to the outside, the higher the inside 
surface te~perature in cold weather. When the inside sur-
face was finished and or coated to have a higher surface 
heat transfer rate by increasing its emmissivity in some 
manner, the temp8rature of the surface was further in-
creased. Tests were conducted by the Thermal Performance 
Task Group AAMA to compare three sash sections using a 
mirimal thermal barri2r. The thermal barrier material and 
assembly ~ere identical and only the ratio of inside to out-
side surface differed. 
Relative 
Ratio of in- Ambient Inside humidity at 
side to out- outside surface which conden-
SamDle side surface temEerature temEerature sat ion occurred 
A 1.6 to 1 -20 deg. F. plus 19 deg.F. 19% 
B 2.3 to 1 -20 deg. F. plus 27 deg.F. 26~~ 
0 2.8 to 1 -20 deg. F. plus 30 der:1;.F. 29% 
The same uni ts without thern::.al barri::;rs were compared 
as follows: 
Relative 
Ratio of in- Ambient Inside humidity at 
side to out- outside surface which conden-
Samrle side surface temEerature temEerature sat ion occurred 
A 1. 6 to 1 -20 deg. F. plus 10 deg.F. 10~ I 
B 2.3 to 1 -20 deg. F. plus 15 deg.F. 14% 
0 2.8 to 1 -20 deg. F. plus 17 deg.F. 16::d /0 
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This aata was eviaence that the thennal barrier had a 
beneficial effect. It also points out the influence of 
surface ratios. 7 
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CHAFTEH IV 
SUI\T,;ARY, CCFCLU.3ICNS AND RJ::CC1'TENDATICNS 
Summary: This study was a survey of window manufacturers 
in the United States from which infonr~ation was obtained 
on the apparent causes and remedies of window condensation. 
The information sought was new innovations in window con-
struction, factors which directly contribute to the form-
ation of window condensation, and how the interior and 
exterior factors are varied for the prevention of window 
con den sat ion. 
This study includes valuable infonnation for in-
structors and students in Vocational ~ducation, home 
owners, contractors 8nd builders, architects and drafts-
men, and any administrators involved in planning future 
buildings. 
The review of literature indicated that very little 
has been written specifically about causes and remedies 
of window condensation. The high moisture content found 
in the modern home was one of the biggest contributors to 
window condensation. The main operations which caused 
high moisture content were clothes drying and washing, 
cooking, bathing, and humidifiers. The new tighter, better 
insulated home continued to malte the condensation problem 
worse because of fewer and fewer ways for the increasing 
moisture content to escape. 
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It was a general agreement that all windows experienced 
condensation when subjected to low temperatures and high 
humidities. The controlling factors of window condensation 
were two-fold. Cne, checks must be 'trade on the sources o:f 
humidity, ventilation, vapor barriers, insulation, and the 
proper installation of the latter three. Ana secondly, 
the alterations to the window itself, such as double glazing, 
storm sash, and the frame with a therrnal-berrier unit. 
According to the findings of this study aside from 
moisture content control, the thermal barrier unit and double 
glazing are in fact the best known window alterations prac-
ticed in industry. 
Conclusions: As a result of this study the following con-
clusions were reached: 
1. It was apparent from the Review of Literature that 
more research on window condensation needs to be con-
ducted because little factual information was found on 
condensation on the window itself, but rather the in-
fomation was on condensation in dr...rellings. 
2. The advancing technology is bringing about better 
building materials for protection from the elements 
and at the same time sealing in n;ore moisture in the 
modern tight home, thus the condensation problem will 
be even greater in the future. 
3. Because of the relatively high conductivity of 
metal the metallic window frame and sash cau sea some 
problems until the event of the thermal break unit. 
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Recommendations: As a result of this investigation it is 
recommended that: 
1. If further research is done in the area of window 
condensation it would be necessary to include in a 
survey new factors such as chemical, coatings, and 
hi,:;h frequency. 
2. To control Nindow condensation the following 
practical steps are offered: 
A. Install storm windows or double glazing. 
B. Shut 0-L'f furnace humidifier and any other 
humid ifyinc"::: device in the ho;ne until condensation 
disappears. 
C. Be sure that louvers in attic or basement 
crawl spaces are open and that they are large 
enou~;h. 
D. Run kitchen or other ventiJqting fans longer 
and more often than has been the custJm. 
E. Open fireplace damper to allow easier escape 
for moisture until condensation disappears. 
F. Air out the house a few minutes each day. 
Air out kitchen, laundry and bathroom during or 
just following use. 
G. If the home has a hot air furnace, install an 
outside cold air intake. 
H. Hot water baseboard and perimeter hot air and 
electric heating systems are an aid in controlling 
window condensation. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
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CENTRAL ,f.ASHINGTON 3TATE CCLLlGE Ellensburg, 'lfashington 
98926 
February 20, 1968 
Dear Sirs: 
I am presently working on w.y master's thesis at Central 
fashington State College. The scope of this thesis makes 
it necessary to contact industry for sowe of the research 
information. The thesis deals wit n the factors preventing 
or reducing window condensation on both glass 'and sash. 
It would be greatly appreciated if you would respond to 
the following questions: 
1. What new innovations have come about in window 
construction to prevent window condensation? 
2. 'rlhat factors have you found to be direct 
contributors to window condensation? 
3. How are the exterior and interior factors 
varied for the prevention or reduction of 
window condensation? 
A prompt reply would be appreciated. 
Sincerely you rs, 
Roy Simmons 
Department of Technology 
and Industrial Education 
APPENDIX B 
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THE: ADA1v'.S & 'tlESTLAKE CO}!:PANY 
A subsidiary of ALLIED 
Products Corporation 
Elkhart, Indiana 46514 - 219 - 264-1141 - T·vx219 - 522-3102 
TEL~X 25-8458 - CABLE ADLAKE 
¥arch 1, 1968 
Mr. Roy Simmons 
Dept. of Technical and Industrial Ed.ucation 
Central :vashington State College 
Ellensburg, '.tfashington 98926 
Dear ~rr. .Simmons: 
I am quite interested in your work, for it has been a problem 
for us to overcome condensation in specific applications. 
Condensation, in this case, falls into two general categories: 
lo) Surface condensation on the room side. 
2.) Condensation inside the window itself. 
I sh.all deal with these separately. 
SURFACE CONDENSATION (ROO~t SIDE) 
Factors affected are: 
1.) Room side relative humidity and air temperatures. 
2.) Room side surface temperatures of glass and frame. 
These surface temperatures are affected by the 
following: 
a.) 
b.) 
c.) 
d.) 
Outside wind velocity which lowers the 
outside air film resistance. 
Room side air circulation, drapes, etc. 
which inhibit circulation in the room 
side, aggravate condensation conditions. 
Outside and inside air temperatures. 
Resistance to heat flow by glass and 
frarra. 
The use of insulating glass units and thermal barrier frames 
is the general approach to these problems. I have enclosed 
several prints of thermal barrier patents. I would suggest 
you investigate the Patent Library. Test #2, in the booklet, 
shows a study of this type of window. See Charts #1, #2, 
and #3. 
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lV'r. Roy Simmons 
- 2 - IVa re h 1 , 1 96 8 
CONDENSATION INSIDE THE WINOOW 
:.rfith the advent of the venetian blind type window, we have a 
new problem. These windows are double-glazed, however, not 
hennetically-sealed. The penetration of moisture-laden air 
from the room side will readily cause condensation on the 
inside surface of the outer piece of izlass. These conditions 
are aggravated by high relative humidity in the room and 
also, the most serious of the two, is a positive pressure in 
the room. Investigation of major buildings throughout the 
country, particularly in cold weather, shows that many 
demonstrate a pressurized situation. This is caused by: 
1.) Wind pressure differences. 
2.) Stack effect of the building itself. 
3.) J.:xcessive makeup air whereby the blowers 
pressurize the building. 
These pressures must be held within reason or 
the problem becomes severe. 
As far as the window is concerned, the normal approach is to 
seal the windows to the room side but vent it slightly 
between the air space and outside air, since the low moisture 
content of outside air, in cold conditions, has a drying 
effect. Test #5 shows a study of this type where both 
humidity and pressure are used. The haze which showed up is 
not a failure, but surface condensation, as predicted by 
Test #2. 
Because of our interest in these problems, I would like to 
purchase a copy of your thesis, if it becomes available. 
cn1,:cpp 
Enclosure 
Very truly yours, 
THE ADAMS & '.·VESTLAEE COMPANY 
A Subsidiary of ALLIED Proa. 
Corp. 
Charles N. 1-':iller 
Director of Engineering 
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G LIDO RAJ\.\ 
ALU~INUM HORIZONTAL-GLIDING W'INDcnrs 
Division of 'r{HIZZER Il~DUSTRIE3, INC. 
2240 Greer Street - Keego Harbor, Michigan - Phone 682-1400 
March 5, 1968 
~11r. Roy Simmons 
Central :fashington State College 
Dept. of Technology & Industrial Education 
Ellensburg, ifashington 98926 
Dear ~r. Simmons: 
Vfe are in receipt of your letter requesting infonnation 
on window condensation. 
To reduce condensation in aluminum windows a method of 
splitting a window frame into two sections has been devised. 
The two frames are separated by material which is not aluminum, 
such as vinyl or wood. This prevents conductivity of cold 
from the outside to the inside. The cold transfer stops at 
the "new" material. Another method used is to make the out-
side unit of aluminum and the inside unit is wood. We do not 
manufacture such a window, thus any more detailed infomation 
is not available. 
Condensation is due to excessive rrioisture in a structure. 
Excessive moisture can be caused from several sources among 
which are: 
1. In new construction, for the first six (6) 
months to year and a half, the natural dampness of 
building materials, lumber and plaster. 
2. Too high a setting of a humidifier either 
on a furnace plenum or on an individual humidifier. 
3. Cooking and boiling on stoves which creates 
steam which condensates in the air and travels to the 
nearest cold surface (the window). 
4. Bathroom areas cause large amounts of conden-
sation when shower or tubs are used as well as when 
someone is shaving using hot water. 
1' r. RD y Simmons 
Fage 2 
I"larc h 5, 1968 
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5. ':Then one room is used as a 11 sick room", body 
heat creates much moisture in the air over long periods 
of time which turns into condensation. 
6. Long periods of time where drapes or curtains 
are in a closed position. This prevents air from 
circulating around the window area and any moisture is 
trapped behind the drapes and freezes to the cold 
aluminum surface. 
7. A blocked fireplace chimney. 
8. Living plants at or near windows which give 
off much moisture. 
9. Inadequate roof ventilators. It seems that 
"stock building plans 11 do not have adequate roof venting. 
10. Inadequate venting of dryers. 
I believe that the answer to your third question lies 
in the discussion above concerning split frame windows. 
1V'e would appreciate receiving a copy of your thesis 
upon its completion, since this is a major concern of our 
company. 
iILG/ jp 
Very truly yours, 
:r.~arshall L. Goldman 
Sales J5anager 
Cables 
''Hopes, Jamestownn 
HOPE I 3 :lINIXYtlS, INC. 
Jamestown, New York 14701 
1lr. Roy Simmons 
Central ':fashington State 
College 
Ellensburg, Washington 98926 
Dear J\.'r. Simmons: 
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Telephone 
488-1911 
March 
1 
1968 
3435V 
Your letter of Feb. 20 concerning window condensation has 
been received. You realize, I am sure, this is a highly 
technical and involved subject and I would have to write 
a thesis on engineering and research to answer properly. 
To be precise and general I can answer as follows. 
Re para. 1- ;'{hat new innovations have come about in window 
construction to prevent window condensation? 
Heat loss through a window frame or thru glass has always 
been a serious problem and it is being overcome in modern 
buildings by the construction of metal window frames having 
thermal barriers. Ln effect, two frames are fastened to-
gether acting as one a.nd having usually a polyvinyl-chloride 
separating strip so that no part of the inner frame touches 
the outer. In this way heat loss in either direction is 
greatly minimized. As to glass, the use of thermopane or 
double units accomplishes the same purpose. 
Re para. 2-:vhat factors have you found to be direct contri-
butors to window condensation? 
·,iindow condensation bears directly on one factor, the amount 
of humidity in the air 1.n relation to the surface temperature 
of the glass and window frame. '.'/hen the dew point is reached, 
condensation will form. At a given relative humidity the 
colder the window frame the sooner condensation will appear 
so you ca.n see that thermal windows greatly reduce the 
formation of condensation. I am enclosing several booklets 
having to do with condensation within the home. 
Re para. 3- How are the exterior and interior factors varied 
for the prevention or reduction of window condensation? 
The only logical approach is to cut down on the amount of 
humidity in the home and in commercial establishments by the 
use of dehumidifiers. Controlled humidity is maintained at 
about 307~. This .naturally reduces the tendency toward con-
densation and in many cases, prevents it. 
1-:r. Roy Simmons 
Central -'fashington 
State College 
- 2 -
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1-'.a re h 1 , 196 8 
We trust the above will be of help to you ana if you desire 
information on any specific point, please advise. 
eel 
Enclosures 
Very truly yours, 
HOPE Is ;'1INDC''TS, INC. 
Lyon D. Evans, Manager 
Aluminum Division 
Aug. 1 t. 1959 
TABLE v· 
EXA~'1PLES OF THERMO-BR3AK UNITS 
2 
R. J. BUSH ET AL 2,898,64 7 
WINDOW FRAME 
Filed Nov. 14, 1955 
Fig.I 
INVENTOR. 
l/11Sssll J. Bush 
~:t::::-. 
Tlt11ir Attorney 
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The Architectural Ahunin'J.m :VIan:.ufacturers Assoc ia ti on, 
Chicago, Illinois. 
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Window Condensation 
Temp. Wind Velocity 15 MPH 
-25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 
49 50 51 52 53 54 55 57 58 59 60 61 62 63 
48 49 51 53 55 57 59 63 66 68 70 73 75 78 
-3 1 5 9 12 16 20 24 28 32 35 39 43 47 
5 6 7 8 9 12 14 17 20 24 28 33 38 43 
-3 1 5 9 12 16 20 24 28 32 35 39 43 47 
5 6 7 8 9 12 14 17 20 24 28 33 38 43 
31 33 35 37 39 41 43 45 47 49 51 53 55 58 
23 25 28 30 33 35 38 41 43 48 51 55 59 66 
36 38 39 41 43 45 47 48 50 52 54 56 57 59 
29 31 33 35 38 40 43 46 49 53 57 61 63 68 
46 47 48 49 51 52 53 55 56 57 58 60 61 62 
42 43 46 48 51 53 55 59 61 63 66 70 73 75 
TABLE 
The Appearance of 
Conditions: 70 deg. Inside 
Outside Temperatures F. Degrees -30 
1/lOOD SASH Inside surface temperature F. degree 
Condensation occurs at % humidity 
METAL SASH Inside surface temperature F. degree 
SD~GLE 
GLASS 
INSUL.ATED 
GI~ASS 
Condensation occurs at % humi :ii ty 
Inside surface temperature F. degree 
Condensation occurs at }b humidity 
Inside surface temperature F. degree 
Condensation occurs at % humidity 
SINGLE Inside surface temperature F. degree 
GLASS 
WITH STORM Condensation occurs at :i& hurnidi ty 
SASH 
INSULATING Inside surface te~perature F. degree 
GLASS JITH 
STORM SASH Condensation occurs at % humidity 
48 
46 
-7 
4 
-7 
4 
29 
21 
34 
27 
44 
40 
Note: The metal sash here does not include a thermal-break 
unit. 
Source: Guide and Data Book, Published by The American Society 
of Heating-;-Refrigerating and Air Conditioning 
Engineers. 
